The objective of the study was to determine whether vascular anatomy of monochorial placenta influences the therapeutic efficacy of serial amnioreduction in chronic mid-trimester twin-twin transfusion syndrome (TTTS). Twenty-six consecutive monochorial pregnancies complicated by TTTS and treated by serial amnioreduction were studied. The placental anastomoses were delineated postnatally by perfusion studies. Amniotic fluid index, amniotic fluid pressure, number of amnioreductions, interval between amnioreduction, and neonatal outcome were correlated with the presence or absence of superficial anastomotic channels and type of cord insertion. Placentae were divided into two groups according to the presence (n ⍧ 9) and absence (n ⍧ 14) of superficial anastomosis. Gestational age at diagnosis, delivery, percentage discordance in estimated birth weight were comparable in the two groups. The amniotic fluid index, liquor volume removed, and amniotic pressure at first amnioreduction were also comparable between groups. In the group without superficial arterio-arterial/veno-venous (AA/VV) anastomoses, amnioreduction was required more often (P < 0.05). Perinatal mortality in terms of intrauterine deaths (IUD) and neonatal death was more common in the group without AA/VV anastomotic channels (P < 0.05). There was no difference in incidence of velamentous/marginal cord insertion between the two groups. TTTS lacking superficial AA or VV anastomosis are more likely to require frequent amnioreduction and are associated with increased perinatal mortality and morbidity, whereas the presence of such shunts was associated with increased therapeutic efficacy of amnioreduction and a more favourable prognosis.
Introduction
Chronic mid-trimester twin-twin transfusion syndrome (TTTS), a severe complication of monochorial pregnancy, is characterized by discordant amniotic fluid volume and birth weight between the twin pairs . The severely growth restricted donor twin becomes oliguric and develops oligohydramnios, while the polyuric recipient develops severe polyhydramnios, hydrops and cardiac complications (Zosmer et al., 1994; Bajoria and Kingdom, 1997) . Perinatal mortality rates of 80-100% have been reported in untreated TTTS presenting before 28 weeks largely from polyhydramnios (Urig et al., 1990) . A variety of treatments, such as serial amnioreduction (AR) (Pinette et al., 1993; Reisner et al., 1993) , laser ablation of placental anastomoses (De Lia et al., 1995) , selective fetocide (Bebbington et al., 1995) , transplacental digoxin therapy, intrauterine venesection and exchange transfusion , have all been tried in an attempt to reduce perinatal loss.
Currently, two treatment modalities, serial AR and laser ablation of the anastomotic channels, are favoured. Most centres prefer serial AR for the treatment of TTTS because it is a simple technique requiring no specialized skill and works on the physiological principle of restoration of normal amniotic fluid volume, thereby preventing preterm labour. Several groups have reported aggressive AR to be associated with a perinatal survival rate of 37-83%, with at least one survivor in 80-100% of cases (Urig et al., 1990; Saunders et al., 1992; Pinette et al., 1993; Reisner et al., 1993; Elliott et al., 1994) .
Some cases of TTTS respond well to therapeutic ARs, while others do not. The reason for this finding remains unclear. Studies have suggested that early presentation and discordance in birth weight (Saunders et al., 1992) are associated with poor outcome. The major drawback of these clinical variables in predicting prognosis is that they are all influenced by timing of referral, availability of appointment, maternal symptoms, attending physicians' preferences and also concomitant use of transplacental fetal therapy with non-steroidal anti-inflammatory drugs.
Recently, many factors have been implicated in the pathogenesis of TTTS such as the type and number of anastomotic shunts (Machin et al., 1996) , compression of an abnormally inserted cord (Fries et al., 1993) and uteroplacental insufficiency (Saunders et al., 1992) . Although TTTS occurs with unidirectional arterio-venous (AV) anastomoses (Bajoria et al., 1995) , presence of a superficial shunt of either arterio-arterial (AA) or veno-venous (VV) type can prevent the occurrence of hydrops or intrauterine death (IUD) (R. Bajoria, unpublished data) .
It is postulated that the presence of a superficial anastomotic channel may prevent the rapid re-accumulation of amniotic fluid in the recipient's twin sac following AR by compensating the haemodynamic imbalance set up by the deep AV channels. To test this hypothesis, clinical parameters such as amniotic fluid index (AFI) at time of diagnosis, number of ARs, amniotic pressure at diagnosis and total liquor volume removed were correlated with the type of anastomotic shunts and the insertion of cord in chronic TTTS placentae.
Materials and methods

Patients
Twenty-six consecutive women with monochorial twin pregnancies with a provisional diagnosis of TTTS were studied. They were referred to the Centre for Fetal Care at Queen Charlotte's and Chelsea Hospital between 1992 and 1995. Monochorionic placentation was confirmed at initial assessment by the presence of the following: (i) concordant fetal genitalia, (ii) single placental mass and (iii) septal thickness Ͻ2 mm. The presence of (i) gross discordance in amniotic fluid volume (the 'stuck' twin phenomenon) with an AFI ജ30 cm or qualitative polyhydramnios in one sac and oligohydramnios in the other, (ii) discordance in estimated birth weight of Ͼ15% and (iii) with discordance in bladder dynamics was considered as diagnostic of TTTS in the mid-trimester. The larger twin with the polyhydramnios was termed as the recipient and the smaller with oligohydramnios the donor.
Serial AR
All patients were managed by serial AR (range one to eight procedures) to restore AFI to normal. Amnioreduction was undertaken in the presence of (i) AFI Ͼ40 cm, (ii) deepest pool Ͼ12 cm and (iii) maternal discomfort. At early gestation, i.e. ഛ20 weeks, AFI Ͼ35 cm was considered as an indication for AR. Before undertaking AR, a detailed ultrasound scan was performed to evaluate fetal anatomy and AFI. Women were counselled regarding the potential risks as well as the benefit, i.e. the poor prognosis if no treatment was undertaken.
Blood group and rhesus status was determined in all cases prior to AR. Amnioreduction was performed under antibiotic cover (i.v. ciproxin) by inserting an 18-gauge needle transabdominally, under continuous ultrasound guidance avoiding the placenta and the intrafetal septum. Amniotic fluid pressure in mmHg was measured just before and after AR, as described elsewhere (Fisk et al., 1990) . Amniotic fluid was aspirated manually using a 50 ml syringe attached via a plastic extension tubing and a three-way stopcock to the hub of the needle. The fluid was drained until amniotic fluid in the recipient's sac was restored to near normal. Amnioreduction was repeated if amniotic fluid re-accumulated. Amniotic fluid was sent for karyotype, viral studies, and lecithin-sphingomyelin (L/S) ratio if gestational age was beyond 26 weeks. Following each AR, anti-Rh-D antibody was given to those women who were Rh-negative.
Irrespective of gestational age, all women who underwent AR were hospitalized and monitored every alternate day for re-accumulation of amniotic fluid, hydrops, and fetal wellbeing by umbilical artery Doppler. Additional treatments were used in the presence of moderate to severe hydrops in the recipient (skin oedema, pleural effusion and ascites). Maternal digoxin therapy was given in three cases from 24-27 weeks until delivery where the recipient showed features of hydrops.
Delivery was only considered appropriate if (i) umbilical artery Doppler waveform studies showed absent end-diastolic flow or reverse flow in one or both twins who previously had normal waveforms, (ii) there was deteriorating fetal hydrops in the recipient and (iii) prelabour rupture of membranes occurred with uterine contractions. All except two patients with one or both live fetuses with gestational age Ͼ24 weeks were delivered by lower segment Caesarean section.
Postnatal placental examination and delineation of vascular anatomy
Placentae were obtained at delivery. Monochorionicity was determined by examining the membranes, and placentae were perfused to map the vascular shunts completely as described previously (Bajoria et al., 1995) .
Statistical analysis
Results are expressed as medians and ranges. The two groups were compared by the Mann-Whitney or Wilcoxon tests as appropriate for continuous variables and Fisher exact test for blocked variables.
Results
Of 26 women who attended the centre with suspicion of TTTS, three were excluded from the final data analysis. One patient opted for termination of pregnancy at 23.3 weeks, and in another, both twins were dead at the time of initial diagnosis. A further patient who underwent laser ablation of anastomosing placental surface vessels because of progressive hydrops in the recipient twin was also excluded.
The median gestational age of the remaining 23 patients at the time of first AR was 23.3 weeks (17.1-28 weeks), with the majority Ͻ26 weeks. None of the fetuses had aneuploidy or structural defects. The median AFI at the time of first AR was 55.7 mmHg (34.6-78.6 mmHg) and number of AR procedures performed ranged from one to eight (median 2). The median gestational age at delivery was 29.4 weeks (23-36). Amnioreduction increased the diagnosis to delivery interval by 5 weeks (1 day to 18.4 weeks).
Perinatal loss was 37%, with 29 long-term survivors (63%). Out of 23 sets of twin pregnancies, two had procedure-related spontaneous rupture of membranes and delivered within 24 h of AR before the period of viability. Sixteen twin pairs were born alive, but seven babies died in the neonatal period. In one case, both twins died in utero. In the remaining four pairs, the donor (n ϭ 2)/recipient twin (n ϭ 2) died in utero and two of the four co-twins died neonatally from respiratory distress syndrome (RDS) complicated by renal failure and/or cardiac dysfunction.
There was no relationship between the perinatal loss rate and gestational age at diagnosis, percentage discordance in estimated birth weight, AFI and amniotic pressure.
Clinical outcome following AR was compared in relation to the presence or absence of superficial shunts (AA/VV) ( Table I ). In the non-superficial group, no anastomotic channels were found in one placenta, while in the remaining 13 cases, a solitary unidirectional deep AV anastomosis was present. In contrast, in the superficial group, eight of the nine placentae had deep AV anastomoses along with superficial AA (n ϭ 7) or VV (n ϭ 4) channels of ഛ1 mm size connecting the peripheral chorionic vessels in the two twins. In the remaining placenta, a solitary large VV shunt was found. All the three types of anastomotic channels were present in one placenta. The overall frequency of marginal and velamentously inserted cord in the two groups of TTTS were comparable (Table I) .
Clinical features of the two groups are shown in Table II . There was no significant difference in gestational age at diagnosis and delivery between the two groups. The AFI and amniotic pressure at the time of first AR were also comparable.
The patient with no AA/VV anastomosis required AR more frequently than those with mild TTTS (median 2.5; range 1-8 versus median 1; range 1-2; P Ͻ 0.04). One patient in each group underwent spontaneous abortion prior to 24 weeks of gestation within 48 h of the first AR. In the non-superficial group, one (n ϭ 2) or both twins (n ϭ 1) had IUD following the first AR, as opposed to the superficial group where no IUD occurred. Nine patients in the non-superficial group required second AR with a median interval of 7 days (2-21 AA ϭ arterio-arterial; VV ϭ veno-venous; AV ϭ arterio-venous; NS ϭ not significant; * ϭ no anastomoses were found in one placenta. days). In contrast, only three mothers needed second AR within 18-38 days of the first procedure in the superficial group. Although total volume of amniotic fluid removed was greater in the severe than the mild TTTS group, it failed to reach statistical significance. In eight of 14 pregnancies with no AA/VV anastomosis, one of the twin pairs had abnormal umbilical artery Doppler waveforms in the form of absent end-diastolic flow (n ϭ 4), or pulsatility index of Ͼ2 SD (n ϭ 4). Eleven of the recipient twins became hydropic; six of whom had pulsatile umbilical venous flows. In contrast, none of the fetuses in the AA/VV group developed hydrops or had abnormal umbilical artery Doppler waveforms. The patient with the absence of superficial vessels had a median percentage discordance in cord haemoglobin of 3 g/dl and only one twin pair had a Hb discordance Ͼ5 g/dl. In contrast, in the AA/VV group median percentage discordance in cord haemoglobin was 5.9 g/dl and five out of eight twin pairs had a Hb discordance Ͼ5 g/dl. In all five cases, small calibre AA with unidirectional AV anastomoses was found in the placenta. However, no such difference in cord haemoglobin was seen when VV or all three types of anastomoses were present.
Perinatal outcomes in both groups are shown in Table II . In the group with no AA/VV anastomoses, there were six IUDs (three each of recipient and donor twin) and six early neonatal death (two recipient twin and four donor twin). Five of the long-term surviving recipient twins had cardiac dysfunction in early infancy and four required cardiac surgery. Five babies also showed evidence of porencephalic cyst at birth with no neurological handicap on follow-up. In contrast, in the superficial group, there was no IUD but one baby died in the neonatal period.
Discussion
This study shows that in monochorial pregnancies complicated with mid-trimester TTTS, the success of AR depends upon the presence/absence of superficial AA/VV anastomoses. Our data suggest that factors such as gestational age at diagnosis, percentage discordance in estimated birth weight, AFI, and pressure, at the time of first AR, cannot reliably predict the number and frequency of ARs. In this prospective study, all pregnancies were monitored closely with serial ultrasounds, and diagnosis of TTTS was based on recent criteria of acute polyhydramnios in the recipient and severe oligohydramnios in the donor. Vascular anatomy was characterized immediately following the delivery under physiological conditions to test the hypothesis whether the efficacy of AR depends upon the type of vascular shunt.
This study supports the findings of most series that removal of a large volume of amniotic fluid is safe and that the interval between diagnosis of TTTS and delivery could be prolonged by a median of 5 weeks, with an overall survival of 63%. However, another series of 40 patients found that only 30 of 80 fetuses (37.5%) survived following AR (Saunders et al., 1992) . The reason for this wide variation in outcome between series using similar protocols is unclear. It is possible that in those cases with poor outcome, the pathophysiology is so advanced that AR fails to restore vascular equilibrium between the two twins. Attempts have been made to identify objective prognostic markers such as amniotic fluid pressure (Villi et al., 1996) , percentage discordance in fetal growth (Villi et al., 1996; Trepside et al., 1997) and visualization of bladder of the donor twin (Kilby et al., 1997) for severity of the disease.
A series of nine cases of TTTS suggests that those pregnancies with amniotic pressure of Ͼ17 mmHg are at higher risk for IUD (Villi et al., 1996) . Although in this series all cases had higher amniotic fluid pressure than singleton pregnancies (Fisk et al., 1990) , there was no relationship with the clinical outcome. The patient with highest amniotic fluid pressure (33 mmHg) had favourable outcome, while AF pressure of 14 mmHg was associated with intrauterine death of both the twins.
Assuming that the severity of discordance in growth was a reflection of haemodynamic imbalance, Saunders et al. (1992) found that patients with poor outcome had a greater difference in abdominal circumference. However, no such association was found in this series. Similarly, it has been suggested that compression of the velamentous cord can cause TTTS by reducing the umbilical venous flow, or by exaggerating the haemodynamic imbalance between the twins (Fries et al., 1993) . However, we failed to find any correlation between the severity of the disease and frequency of marginal or velamentous cord insertion.
This study suggests that complex arrangement of the placental vascular anastomoses can predict clinical outcome in that AR was found to be beneficial in the presence of superficial anastomoses. Although the exact mechanism remains unclear, it is possible that, following AR, haemodynamic imbalance caused by alteration in amniotic and vascular pressure allows, in the presence of superficial AA/VV shunts, a net flow from the compensatory recipient to the donor. In contrast, in cases with isolated unidirectional AV channels, vascular and osmolality equilibrium is disturbed further, as decreased in amniotic fluid pressure perpetuates further transfer of blood from donor to recipient. This proposed mechanism may explain re-accumulation of polyhydramnios in all the cases with absence of AA/ VV and development of hydrops and cardiac failure in 50% of the recipients. Although fetal therapy with digoxin caused amelioration of hydrops and prolongation of pregnancy, this compensatory-decompensatory mechanism may be one reason for higher fetal loss rate following AR in the series of Gonsoulin et al. (1990) and cardiovascular morbidity in the recipient twin (Zosmer et al., 1994) .
The striking difference in the perinatal outcome between the two groups suggests that the presence of even a solitary small calibre superficial AA/VV channel can have a significant impact on restoration of haemodynamic equilibrium between the two twins. This hypothesis is consistent with Schatz's original theory that AV anastomoses, when accompanied with superficial shunts, minimize the discrepancy in blood flow and are associated with a better outcome. Although previously we documented that TTTS occurs due to the absence or paucity of compensatory superficial anastomoses (Bajoria et al., 1995) , this study implicates superficial shunts of AA/VV type in the pathogenesis of nine cases of mid-trimester chronic TTTS, suggesting that pathophysiology of TTTS is complex.
In conclusion, this study indicates that AR is effective in reducing perinatal loss in monochorial multiple pregnancies complicated by TTTS, but its efficacy depends upon the type of anastomoses. This can explain the wide variation in survival figures reported after AR. In severe cases of TTTS, concomitant use of adjuvant therapy such as digoxin, or exchange transfusion may be necessary to improve perinatal outcome. As identification of superficial anastomotic channels in utero by 'Power Doppler' is now possible (Haberman et al., 1997) , this information may be useful in counselling and allocation of patients for AR or laser occlusion. The group without superficial channels is likely to benefit from laser occlusion of the communicating AV shunt, while those with AA/VV may benefit from amniodrainage. However, clinical recommendations must await further studies involving a larger number of patients to determine the success of AR and use of adjuvant therapy such as digoxin in relation to vascular anatomy.
